Abstract: Integrated Urban Water Management (IUWM) has emerged in the past two decades as a promising approach to the application of Integrated Water Resources Management (IWRM) principles at the city-level. IUWM is expected to contribute to the achievement of multiple policy objectives, often including increased water security. This paper uses a case-based approach to study the impact of IUWM on water security, focusing on the influence of the level of institutionalization of IUWM within water governance at the city-level. Process tracing is applied to the cases of Singapore and Hong Kong, in which IUWM has been adopted but implementation and outcomes have diverged. We find that the depth of institutionalization, a difference between the two cases identified at the outset, has contributed to the achievement of better water security outcomes in Singapore as it has facilitated the development and implementation of a more far-reaching strategy. A supportive governance framework appears to amplify the impact of IUWM on progress towards water security and other policy targets.
Integrated Water Management Approaches and Urban Water Security
Integrated water resources management (IWRM) is a well-established framework in the water sector which has been adopted by governments in all regions and at all levels of economic development. Defined by the Global Water Partnership as "a process which promotes the coordinated development and management of water, land and related resources, in order to maximize the resultant economic and social welfare in an equitable manner without compromising the sustainability of vital ecosystems," it takes into account both human and ecological needs [1, 2] .
IWRM is often understood as a process which is expected to lead to desirable outcomes, rather than as a goal in itself, a perspective shared by this paper [1, 3] . Goals, such as strengthening water security, increasing sustainability, and ensuring equitable access to services, are considered to be set separately in the policy design process.
IWRM is an approach that can be adopted at multiple scales. It is often associated with river basin-level management, but its principles can be applied at all spatial scales, from the local community to international level. In all cases, the system boundary for IWRM application will need to be identified and processes for interacting with government and nongovernment stakeholders outside the system boundary will need to be delineated to avoid duplication, interinstitutional competition, governance gaps, and an inability to address complex issues cutting across sectors [4] [5] [6] .
thus forms the outcome of interest in this paper. Other policy objectives including sustainability and efficiency may be pursued alongside water security [36] . While IUWM and the objective of increased water security are often considered to be compatible as both are integrative approaches which view water as a complex system with ecological and socioeconomic facets [3] , some authors point to potential divergence between the two as IUWM does not necessarily address uncertainty [35] or equity [37] concerns.
The remainder of the paper is structured as follows. Section 2 presents the process tracing methodology including details of data collection and analysis. Sections 3 and 4 present details of the cases obtained via process tracing followed by the discussion of the results, and the conclusion in Sections 5 and 6.
Methodology
The paper adopts a comparative case-based approach for Hong Kong and Singapore, two cases among the small number of examples worldwide in which IUWM has been adopted at the level of the entire city to investigate the research question: Does deeper institutionalization of IUWM lead to greater water security?
The two cities are suitable candidates for analysis as they adopted IUWM more than a decade ago, which allows us to review implementation and impacts over a longer time horizon appropriate to the nature of the policy being studied. Singapore and Hong Kong share certain characteristics that would support the adoption of IUWM: they have high political and administrative capacity and strong incentives as they are both 'water insecure' in the sense that naturally available ground and surface water resources are far from adequate to meet the needs of residents and economic activities. Despite these similarities, including improvement in terms of specific water security indicators as well as overall water policy objectives, Singapore has consistently performed better than Hong Kong on water security indicators since the initiation of IUWM efforts (see Section 4.8). We hypothesize that the difference in the level of institutionalization of IUWM is the key factor influencing the water security outcomes in both cities.
The two cases provide a contrast in their approach to IUWM: in Singapore, IUWM was institutionalized through governance changes which unified all water-related policies under a single government entity, whereas in Hong Kong IUWM was policy-led and did not involve deep institutionalization through governance changes.
Process Tracing
Focusing on the level of institutionalization of water governance we conduct Process Tracing (PT) to compare and contrast the evolution of integrated water management in the two cities over time. Collier ([38] , p. 824) defines PT as an "analytic tool for drawing descriptive and causal inferences from diagnostic pieces of evidence, often understood as part of a temporal sequence of events or phenomena." PT is deployed in social and political sciences to inductively explore the operation of a hypothesized causal mechanism linking selected causal condition(s) with the outcome of interest [39, 40] . PT has three variants. For this analysis, we employ theory-building PT, which can be used under situations where either it is known that X and Y are related but the causal mechanism linking the two is unclear or unknown; or when the outcome Y is known but we do not know what caused it to occur. Existing theories are used to provide a basis for collecting evidence on which theories can further be built (George and Bennett, 2005) . Theory-building PT is considered appropriate for investigating our research question as it allows for a structured analysis of the empirical material from the cases and detail the causal mechanism linking the level of institutionalization of IUWM (X) to observed water security outcomes (Y) in both cities.
Theory-building PT has been used to study a variety of issues such as foreign policy cases resulting in poor outcomes by high-level policy officials owing to conformity pressures [41] , studying the role of radical right political parties on stripping of citizenship [42] , and tracing care pathways to better understand the possible social reasons for maternal deaths in a city with good public and private health infrastructure [43] .
For the two cases, we identified a significant policy change signaling the adoption of IUWM as the starting point for our analysis. In Singapore, we take the passage of the Public Utilities Act of 2001; in Hong Kong, we focus on the adoption of the Total Water Management Strategy of 2008. Details of these policy changes and why these were considered as critical starting points for IUWM in both cities are discussed in Section 4.
Data Collection
Data were collected for two decades, from 2001 to 2017. The data sources include secondary data on water management in Hong Kong and Singapore. Data were collected with particular attention to the development of urban water management strategy in both cities. Data were collected from official documents and websites from relevant government departments, including the Water Supplies Department, Drainage Services Department, and Hong Kong Observatory in Hong Kong, and the Ministry of the Environment and Water Resources, Public Utilities Board, and Urban Redevelopment Authority in Singapore. This body of data helped construct a historical timeline of events tracing the adoption of IUWM in both cities and changes in water security indicators. The next step was to look for evidence of specific parts of the theorized mechanism (IUWM) in action in both cases.
Key informant interviews were conducted with Government officials, utility managers, private sector, civil society organizations, and academics in both cities to elicit their views on water policy objectives, effectiveness of approaches adopted and timeline of key events. A total of 10 interviews were conducted in Singapore and 8 in Hong Kong in 2017 and Jan-Feb 2018. These interviews were coded for references to IUWM principles and mechanisms and were also used to help identify any additional factors outside the hypothesized mechanism of IUWM.
Analysis
The following steps are followed to apply process tracing to selected policy interventions (based on [44] [45] [46] ).
Step 1: Defining and operationalizing key theoretical concepts Based on the UN definition of water security [30] , we define urban water security (outcome of interest) as:
The capacity of a city to safeguard sustainable access to adequate quantities of acceptable quality water to sustain livelihoods, human well-being, and socioeconomic development for its inhabitants.
While water security can be operationalized in many ways, we develop indicators of water resource adequacy and water source diversification based on their relevance to the Singapore and Hong Kong context. Details of indicator development are given in Section 4.8.
Level of 'institutionalization' of IUWM (causal conditions) is understood as the degree to which formal governance structures are adopted that integrate management of water across sources and uses at the city-level. Deep institutionalization refers to major governance changes to integrate management of the resource.
Step 2: Collecting Empirical Material
Step 2 involves the collection of relevant empirical material for the case. In this step, all literature and official documentation on the policy change is gathered in a specific sequence in an attempt to draw a systematic explanation leading to greater/lesser water security, the outcome of interest.
Step 3: Infer Observable Manifestations of an Underlying Causal Mechanism In order to study the causal explanations leading from X to Y we need a hypothesis that goes beyond the historical and empirical aspects of the case itself, thereby connecting the case with plausible Taking IUWM as a city-level application of IWRM principles, we consider the well-established IWRM planning cycle described by Global Water Partnership as a starting point for the systematic arrangement of the empirical material. Working iteratively with the case evidence, we adapt this framework to a simplified cycle of six steps: set policy goals; allocate authority/institutional reform; build stakeholder support; define strategy; implement; and monitor and evaluate. We add an additional step, 'modify and adapt,' following evaluation in order to take into account the inherently iterative and circular nature of IUWM. We need to adapt the cyclical process to a linear form for the purposes of the analysis so we consider one full process cycle, starting with setting of policy goals and finishing with an additional step of 'modify and adapt' (Figure 1 ). In order to study the causal explanations leading from X to Y we need a hypothesis that goes beyond the historical and empirical aspects of the case itself, thereby connecting the case with plausible theoretical mechanisms. Existing literature can provide a starting point to identify systematic patterns emerging from the empirical material, enabling inferences of observable manifestations of a plausible underlying causal mechanism. Taking IUWM as a city-level application of IWRM principles, we consider the well-established IWRM planning cycle described by Global Water Partnership as a starting point for the systematic arrangement of the empirical material. Working iteratively with the case evidence, we adapt this framework to a simplified cycle of six steps: set policy goals; allocate authority/institutional reform; build stakeholder support; define strategy; implement; and monitor and evaluate. We add an additional step, 'modify and adapt,' following evaluation in order to take into account the inherently iterative and circular nature of IUWM. We need to adapt the cyclical process to a linear form for the purposes of the analysis so we consider one full process cycle, starting with setting of policy goals and finishing with an additional step of 'modify and adapt' (Figure 1) . Step 4: Verifying the Presence of an Underlying Causal Mechanisms
The key informant interview records are used to verify the presence of IUWM as a causal mechanism and also to decipher additional factors that could have influenced water security outcomes in both cases.
Case Background & Drivers for the Adoption of IUWM

Drivers of IUWM in Hong Kong
Hong Kong is a territory of 1098 km 2 located east of the Pearl River Delta on the southeast coast of China. It has annual average rainfall of 2398.5 mm but experiences water scarcity due to high seasonal and interannual variability in rainfall, the absence of natural storage, and high population density [49] . In the 1960s and 1970s, Hong Kong residents experienced frequent water shortages [49] . These shortages prompted changes in water management to improve water supply security. Three major steps were taken to increase supply. Step 4: Verifying the Presence of an Underlying Causal Mechanisms
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Drivers of IUWM in Hong Kong
Hong Kong is a territory of 1098 km 2 located east of the Pearl River Delta on the southeast coast of China. It has annual average rainfall of 2398.5 mm but experiences water scarcity due to high seasonal and interannual variability in rainfall, the absence of natural storage, and high population density [49] . In the 1960s and 1970s, Hong Kong residents experienced frequent water shortages [49] . These shortages prompted changes in water management to improve water supply security. Three major steps were taken to increase supply.
Firstly, an agreement was negotiated to import water from the Dongjiang River in Guangdong province in mainland China. The first contract was made in 1960 and it has been regularly reviewed, with price and volume raised gradually to HK$5.9 per cubic meter for an allocation of 820 million m 3 /per year in the 2018-2020 period [50, 51] . Declining water quality in the Dongjiang River became a concern for Hong Kong in the late 1990s. To address this, a dedicated aqueduct to transfer water to Hong Kong from the upstream Dongjiang was built [49] . Since the completion of the aqueduct, Hong Kong officials consider that the quality of imported water has not been a high risk to water security.
Secondly, major investments were undertaken to develop the urban catchment. The two largest reservoirs in Hong Kong, Plover Cove and High Island, were built in the 1960s. They have a combined capacity of approximately 5 million m 3 . The reservoir catchments cover approximately one-third of Hong Kong's total land area [49] .
Thirdly, a seawater distribution network was constructed to provide water for toilet flushing. Since the 1960s, all new buildings constructed have two discrete plumbing systems, including a dedicated distribution system for sea water which is mostly used for toilet flushing. The system has been gradually expanded and by 2017 covered 85% of households. The seawater is provided free to households.
These policy interventions were successful in improving security of supply in Hong Kong and no supply restrictions have been imposed since 1982. However, since the 2000s, new challenges and policy goals have emerged which have led to the review of water policies. Economic and population growth in the Dongjiang basin has vastly increased abstractions, which has heightened the impact of flow variability and pollutant concentration [52] . This has led to stricter regulation of withdrawals by central and provincial governments [53] . Furthermore, competition between cities for Dongjiang water resources is expected to worsen in the future [52] [53] [54] [55] . These developments prompted decision-makers in Hong Kong to consider new policies to increase supply and reduce demand under an IUWM framework.
Drivers of IUWM in Singapore
Singapore is a city-state with a territory of~700 km 2 . Although it has abundant rainfall of 2400 mm per year on average, like Hong Kong it faces severe water availability constraints due to the absence of major natural water storage, limited land area and a growing population [56, 57] . When Singapore was founded in 1965, Singapore was largely dependent on imported water from Malaysia. An agreement signed in 1962 gave Singapore the right to draw a maximum of 1.14 million cubic meters per day (m 3 /d) from the Johor River at a fixed price until 2061. Although the supply of water has been a longstanding contentious issue between the two countries and threats to restrict or renegotiate the agreements have resurfaced periodically, supply to Singapore has not been interrupted since the agreements were signed.
Local resources have been extended since the 1970s by enlarging the protected catchment and phasing out polluting industries like farming. Since the 1980s, the catchment has been extended to cover two-thirds of the island and significant investments have been made to increase reservoir capacity. The most recent major reservoir at Marina Barrage was completed in 2008.
Looking to the medium-term, there are increasing concerns about the availability and quality of imported water for Singapore. Although Johor has plentiful water resources, with total demand for all sectors making up less than one quarter of available surface water resources, a combination of climatic variability and water resource mismanagement has led to frequent water supply disruptions in Johor during periods of drought [58] . Water quality in the Johor catchments has also declined due to pollution [59] and rising salinity [58] . Shortages in Malaysia could also exacerbate social and political tensions, increasing supply risk associated with imported water. These supply constraints intersect with rising demand: total demand for water in Singapore is forecast to more than double from 2016 levels to approximately 4 million m 3 /day in 2060, driven largely by non-domestic consumption [60].
Adoption of IUWM in Singapore and Hong Kong: Design to Implementation to Review
This section presents an empirical narrative of IUWM's adoption in Singapore and Hong Kong based on document analysis and interviews.
Set Policy Goals
In 2003, Hong Kong's Chief Executive announced the intention to develop an integrated water management strategy [61] . The policy goals were to ensure a reliable water supply for Hong Kong, to be prepared for climatic variability and to enhance Hong Kong's role as a good partner in the Pearl River Delta in promoting sustainable use of water. The strategy embodied the integrated and multi-sector tenets of IUWM. Preparatory studies found that existing sources, including imported supplies, were adequate to meet forecast demand up to the planning horizon of 2030, but climatic variability and other sources of uncertainty needed to be taken into account [62] . Policy options were to be evaluated in terms of reliability of supply, cost-effectiveness, environmental impact, and public acceptance.
Singapore's strategy to develop a diversified portfolio of water sources in order to reduce dependence on imported supplies and increase water security was first set out in the Water Master Plan of 1972 [63] . The strategy was taken forward by multiple government agencies implementing initiatives to increase reservoir capacity, enlarge the local catchment, and manage demand through leakage control and pressure management over the following decades.
Build Stakeholder Support
In Hong Kong, no formal mechanisms of coordination have been established with other related government departments. Notably, the Department of Drainage Services, which is responsible for wastewater and stormwater collection and treatment, was not directly involved in the preparation of the strategy. Public consultation has not taken place for the overall strategy but there has been consultation with localities where water reuse is piloted and on specific aspects of policy. In Singapore, policy direction came from the cabinet level, which promoted coordination between the different government departments involved. There was no extensive public consultation in the preparation of the IUWM plans but consultation has taken place on specific measures with expert advisors [64] and there has been public consultation on sustainability and climate strategies [65, 66] .
Set Governance Structure
In Hong Kong, responsibility for delineating the integrated strategy was conferred on the Water Supplies Department (WSD), the public agency responsible for the provision of water supply services. The government provided hierarchical direction to WSD. Separate agencies remain responsible for wastewater and stormwater management, environmental regulation, and climate-related policy and planning.
In Singapore, a unified national water agency, the Public Utilities Board (PUB), was established under the Public Utilities Act of 2001 and signaled the institutionalization of IUWM in Singapore. This Act conferred on PUB responsibility for all aspects of the urban water cycle: development and management of catchment; supply of drinking water; wastewater management; stormwater drainage; promotion of water conservation; and advising the government on water policy and management.
Define Strategy
The implementation plan for IUWM in Hong Kong is set out in the Total Water Management Strategy of 2008, which covers the period until 2030. This identified three additional sources of water: desalination, wastewater reuse, and recycling of gray water. However, the projected contribution of these latter three sources to overall supply was relatively small: 5% of projected demand in 2020 and 10% in 2030. A range of actions were also identified under the plan to manage freshwater demand, including public education on water conservation, introduction of a water efficiency labeling scheme, mains replacement, pressure management and active leakage control to reduce NRW and the extension of seawater for toilet flushing.
The main capital investment to increase supply envisaged in the plan was the construction of a desalination plant at Tseung Kwan O with a capacity of 135,000 m 3 /day, with potential for future expansion. The possibility of extending the catchment (water gathering grounds) was ruled out because of high costs and environmental risks.
PUB's 'Four National Taps' strategy set out the pathway for Singapore to increase self-sufficiency and reduce water supply risk through diversification [67, 68] . The plan was developed over a number of years and announced publicly as a long-term action plan in 2010 [69] . The National Taps are imported water, local catchment, NEWater (as water reuse is known), and desalination. The share of each and target dates for achievement have been updated guided by high-level national policy direction. The current target, set in 2010, is to achieve total self-sufficiency in water supplies by 2061. Intermediate targets and development plans to achieve these targets are set by PUB [60, [70] [71] [72] [73] [74] [75] [76] . Supply expansion comes mostly from reuse and desalination capacity as the local catchment is believed to be fully developed. There is also little potential to expand resource availability through reservoir extension or deepening because of space constraints and diminishing return on reservoir yield for a given level of rainfall and catchment size. Separately, the government also sets water conservation policy targets. In 2015, the government set a target to reduce per capita domestic demand to 140 lcd by 2030 [77] ; this target was tightened in 2018 to 130lcd [78] .
Key policy targets for the two cases are shown in Table 1 . 
Implement
Singapore has proceeded with rapid implementation of large capital investments to increase water supply. The first NEWater plants were commissioned in 2003 [60] and capacity has been steadily expanded to 758,000 m 3 /d by 2017. Investment in reuse treatment capacity has been complemented by very significant investment in a deep tunnel sewerage system which is expected to be completed in 2025. The consolidation of the sewerage and treatment system will reduce the land requirement for wastewater facilities and will increase the volume of input water for reuse plants [60] . Desalination capacity has also expanded rapidly. The first plant opened in 2005 and further plants have been commissioned every 2 to 3 years.
In Hong Kong, WSD has moved forward with the procurement of a desalination plant which is expected to be commissioned in 2022, a few years later than originally expected. WSD has moved ahead slowly with its exploration of water reuse compared to the timing set out in TWMS. At the time of writing, localized pilots had been conducted at Ngong Ping and Shek Wu Hui but reuse had not been adopted at scale. Future plans are cautious: 57,500 m 3 /d of reclaimed water is expected to be supplied though dual networks after 2022 for nonpotable use only in districts which are located close to tertiary wastewater treatment plants and are not currently supplied with seawater [79, 80] . Gray water recycling is also being piloted in one housing development area with a planned population of 25,000 [81] .
Turning to demand management, a range of interventions including public education, mandatory water efficiency labeling for appliances and fittings and consistent phasing out of less efficient appliance models have been implemented in Singapore. Domestic water consumption has decreased slowly since 2006, but dropped significantly after the imposition of a tariff increase in 2017, the first tariff change since 2001 ( Table 2 ). The reduction of leakage has been pursued through a large rolling pipe replacement program which has allowed PUB to maintain NRW of~5% in the last decade.
In Hong Kong, actions to control demand include information and communications efforts, including an initiative to encourage households to reduce water consumption by 10 liters per month and a voluntary water efficiency labeling scheme. However, these efforts have had limited impact. Household consumption increased marginally in the 2010-2016 period, for which data are available, as shown in Table 2 . This may in part be explained by the decision not to use price-based mechanisms to incentivize conservation.
Some progress has been made in reducing nonrevenue water (NRW) in Hong Kong. Leakage in the freshwater supply network from treatment plant up to the customer connection point has been reduced to 15.2% [82] through a large pipe replacement program implemented between 2000 and 2015, during which 3000 km of water mains were replaced, out of a total network length of 7700 km. However, when losses are measured to the point of consumption, NRW is estimated to be above 31% due to leakage inside properties and illegal use [83] . Legally, the utility is not responsible for plumbing within properties and so it has not addressed issues of poor internal plumbing and maintenance. Furthermore, leakage is estimated to be very high in the saltwater distribution network at 28.3% as a result of corrosion [84] . In Singapore, NRW was already low at the time of the introduction of IUWM and the low level of NRW has been maintained. 
Monitor & Evaluate
Hong Kong's TWMS did not specify a regular monitoring and evaluation procedure. The utility reports to government annually on standard utility performance indicators apart from leakage. WSD issues annual reports which are available to the public and are reviewed by the government. However, these do not explicitly measure performance against the TWMS parameters. PUB also produces annual reports and reports on regularly on standard performance indicators, although the proportions of supply from different sources and reservoir storage capacity are not available to the public. PUB's performance is monitored by the Minister of Environment and Water Resources, who, in turn, reports to the Cabinet.
Modify & Adapt
The TWMS provided for a full review and revision after 10 years to cover the period up to 2040. The review commenced in 2017 but as of the beginning of 2019 had not been opened for public consultation or adopted. The revised strategy is expected to set out plans for increased source diversification and demand management under a range of scenarios, incorporating climate change uncertainty. In the meantime, strategy and policy announcements have been made on some aspects of water policy. WSD has articulated a plan to control NRW through a 'Water Intelligent Network', which involves the creation of District Metering Areas and active leak detection by 2023.
The Hong Kong Government has set a new policy target to reduce domestic water consumption by 10% by 2030 from a base year of 2016 [86] . Planned interventions echo those previously adopted public education and campaigns and water efficiency incentives but do not include the use of price incentives.
Singapore's strategic plan is continuously updated to take into account developments in technology and government policies. In 2016, PUB set out additional plans to extend wastewater reuse to industrial wastewater and to reduce industry demand for treated water by incentivizing industrial units in coastal locations to use seawater for cooling processes [60] . New technologies are continuously identified and piloted to raise the efficiency of treatment processes. In particular, PUB supports the development of desalination techniques with a lower energy requirement and reuse technologies to raise recovery rates. PUB set its own target to meet future demand by doubling the amount of clean water it produces today by 2060 without using more energy [87] .
Outcomes
We developed two indicators of water security to compare outcomes in the two cases: the adequacy of water resources to meet the needs of the territory's population and the diversification of water sources. These two indicators capture aspects of water resource scarcity, a major concern for the two cities. Unlike some commonly used indicators, they include the contribution of nontraditional water sources, which is a central part of the IUWM strategies in both locations. Firstly, we calculate an indicator of adequacy, A, by summing the total volume of water resources available for treatment and distribution from imported water, local catchment, recycled water, and desalinated water, scaled by population [88, 89] :
where V i is the volume of water resources available from source i and P is the total population. There is considerable variation between the cases on this dimension. Singapore has seen substantial increases in adequacy of supplies since 2001, while Hong Kong has seen no significant change since the policy adoption in 2008 (Table 3) .
The second indicator-source diversification-captures the degree to which a city is dependent on a single source of raw water [90] . As all sources of water are associated with risks, a more diversified portfolio is expected to increase security. The indicator is calculated based on the Herfindahl-Hirschman index, an index of concentration commonly used to measure the degree of competition in markets:
Scores on the index range from 1 to 10,000, with 10,000 reflecting the highest level of concentration, in this case, denoting total dependence on a single source of water.
This indicator shows a clear improvement in diversification in Singapore since the adoption of IUWM, against no discernible impact in Hong Kong. Fluctuations in the indicator over time for Hong Kong appear to be driven by rainfall variability.
Considering the outcomes of IUWM in terms of policy objectives, it is evident that Singapore has consistently met or exceeded targets for expansion of nontraditional water supplies. In Hong Kong, progress is being made towards 2030 targets, and although investment in desalination and reuse has been slower than planned, it would still be possible to meet 2030 targets. Less progress appears to have been made on water conservation. Evaluation is challenging because the performance indicators reported annually by WSD different from the indicators used in the TWMS. As household freshwater consumption has remained around the same level over the past decade, limited progress has probably been made towards the 100 mcm reduction target. The government has indicated that leakage was reduced by~4 percentage points between 2008 and 2014, which is equivalent to 38 mcm, less than half the 85 mcm target set for 2030. 
Discussion
Linking Institutionalization of Water Governance and Water Security
The Process Tracing reveals the similarities and differences in the approach taken by both cities to improve water security. The process of IUWM adoption in Hong Kong and Singapore is illustrated in Figures 2 and 3, respectively. Water 2018, 10, x FOR PEER REVIEW 11 of 18
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Discussion
Linking Institutionalization of Water Governance and Water Security
The Process Tracing reveals the similarities and differences in the approach taken by both cities to improve water security. The process of IUWM adoption in Hong Kong and Singapore is illustrated in Figures 2 and 3 , respectively. In both cases, the adoption of IUWM was supported by high-level political commitment and clear allocation of responsibility for strategy design and implementation to a single agency-PUB in Singapore and WSD in Hong Kong. In Singapore, high-level coordination between PUB and the agencies responsible for spatial planning, public housing, and the economic planning agency under the guidance of the political executive allowed for water security objectives to be taken into account across a range of related policies. Such coordination across related agencies was absent in Hong Kong, limiting the range of actions available to WSD to those under its direct authority. Deeper institutionalization in Singapore appears therefore to have facilitated the development and implementation of a more far-reaching strategy in Singapore compared to Hong Kong. In particular, PUB's authority over sewerage and drainage allowed for a whole-system approach to the development of reuse, including collection networks. By engaging in this technology on a large scale, average costs have been reduced and infrastructure development has been coordinated with spatial planning so that reuse facilities are located next to industrial customers to whom NeWater is supplied.
On the other hand, the initial motivation behind these approaches was also different in the two cases. The TWMS was motivated by two goals: to prepare Hong Kong to deal with uncertainties associated with climate change, especially low rainfall, and to enhance Hong Kong's role as a good partner of other municipalities in the Pearl River Delta in promoting sustainable use of water in the light of rapid growth in regional water demand [62] . In Singapore, the policy objectives were clearly focused on enhancing Singapore's water security by reducing its dependence on imported water sources.
Public consultation and public opinion do not appear to have played a major role in either case, either as an enabling factor or as a constraint. In both cases, interaction with the public has mainly taken the form of top-down education and information campaigns to encourage water conservation, and, in neither case, does this element of the strategy appear to have been particularly successful in reducing demand.
In the two cases, the elements of the strategy were similar: both aimed to optimize demand and supply through the development of multiple conventional and nonconventional water sources combined with demand management; they identified stormwater, wastewater, and desalination as potential water sources, and took into account cost-effectiveness and risk in options assessment. However, very limited information on comparative benefits and costs is made public in either case so more detailed analysis of the methods used and relative weightings in determining the mix of interventions is not possible. The adoption of desalination in both cases may indicate a relatively high weighting given to reducing risks associated with climate variability.
The intervention in Singapore began seven years before that of Hong Kong, so we would expect to see greater achievement in Singapore, especially considering the long lead times in water infrastructure investments. The earlier start notwithstanding, implementation in Singapore has moved considerably faster than in Hong Kong. The first reuse plants came online in Singapore in 2002, and the first desalination and reuse plants contracted under public-private partnership (PPP) were commissioned four and six years after the restructuring of the PUB, respectively. In Hong Kong, although a feasibility and pilot study on desalination had been completed before the adoption of TWMS [91] , a contract had not yet been awarded for the plant by early 2019, and the expected date of the commissioning of the plant was set back to 2022. The unified structure of water management in Singapore and the authority of PUB to design and award PPP contracts may have contributed to more efficient procurement, alongside clearer targets which are discussed next.
One of the clearest differences between the cases is in the clarity and rigor of the monitoring and evaluation framework and process. In Singapore, public officials at all levels of the bureaucracy have clear performance-based incentives. In PUB, these incentives are tied to progress towards the targets set out in the organization's strategic plan and include development of nonconventional sources and operating efficiency. This contrasts with Hong Kong where individual advancement is not clearly linked to the achievement of strategic objectives.
At the organization level, both PUB and WSD are largely self-regulating. They set their own strategic objectives and report to government on these, primarily through annual reports. Neither Hong Kong nor Singapore has an autonomous regulatory agency that monitors the performance of the operator. In Singapore, the ability of political leaders to monitor PUB is facilitated by the clear specification of intermediate targets for source diversification, household water conservation, operational efficiency, etc. In Hong Kong, targets under the strategic plan were expressed as 'cumulative savings', but there is no direct relation between these targets and the indicators on which WSD regularly reports. Furthermore, the contribution of desalination to improved water security is not captured in the cumulative savings targets. As a result, it may be more difficult for government and the public to monitor and evaluate WSD's implementation of its own strategic plan.
Insights for Implementation of IUWM in the Urban Context
It is difficult to select a policy initiative as being single-handedly instrumental for implementing an integrated management approach. Both cities adopted policies relevant to aspects of IUWM prior to the launch of the studied interventions, albeit fragmented or less institutionalized. Both have adopted new policy targets and adapted management over time. Thus clear start and endpoints are hard to discern. However, the cyclical nature of IUWM is reasonably well approximated by the linear process when an additional step of adaptation is included at the end of a cycle. In the Hong Kong case, the completion of a cycle and commencement of a new one can be clearly observed in the TWMS review.
Both Hong Kong and Singapore are found to have a rather top-down design and implementation with hardly any public consultation, and yet the interventions have been reasonably successful, especially in Singapore. Enhanced coordination with stakeholders, including end-users, forms a key principle of IUWM which has not been fully adopted in the IUWM cases studied here. This issue merits further investigation as the form and structure of communities in an urban context is very different from some river basin-dependent communities, and the scale of consultation very different for whole-city approaches compared to localized schemes, and thus different structures and forms of consultation might need to be developed.
Apart from water security, there are many other water policy objectives that governments might seek to achieve, such as equitable and affordable access to services, efficient resource use, and ecological sustainability. Each of these targets may be associated with one or several performance indicators. These aspects of performance have not been considered in this paper. Further investigation of these important goals is needed but is hampered by the absence of data. This is particularly the case for Singapore and Hong Kong where a significant proportion of water resources exploited in our cases are located in other jurisdictions.
Conceptually, the application of IWRM at urban and other scales is challenged by the task of delineating clear expected outcomes, both in theory and practice, and a method to allow trade-offs to be made between objectives, thus making it difficult to quantify the progress brought about by the adoption of such integrated approaches. While indicator-based methods are one way to resolve the issue, these have limitations in being all-encompassing, especially for broad concepts such as IWRM.
While the city seems to be a promising scale for tangible application of integrated wter management through IUWM because of the match between spatial administrative jurisdiction and the physical extent of urban water infrastructure, in the two cases studied here, as in many other large cities, the issue moves beyond city limits, physically as well as politically. Thus strategies need to be explored to enhance coordination between the city, its catchment, and the wider region, for example, between Singapore and Malaysia to manage the Johor catchment, and for Hong Kong to be an active partner in the management of the Dongjiang basin. These issues of interaction between the water system and external factors outside the system boundary will be relevant whatever the scale at which IWRM is applied.
In terms of insights from application of process tracing as a method to investigate our research question, this analysis gives us empirical evidence that matches the stages of a generic IWRM planning cycle. Taking these results further, a theory-building PT can be nested as part of a larger mixed-method research design where the theoretical mechanism that is indicated is tested further using either theory-testing PT or set theoretic methods such as Qualitative Comparative Analysis. In this paper, we did not consider plausible alternative explanations as the focus was on collecting evidence on the institutionalization of IUWM and manifestation of IWRM as a plausible underlying mechanism at play influencing water security outcomes. A valuable extension to this work would proceed to theory-testing, wherein each part of the causal mechanism should directly and logically link to the next part and should be empirically measurable. Identifying evidence that a part of the mechanism happened because of the previous part, rather than for some other reason, requires eliminating plausible alternative explanations and observable manifestations of these.
Conclusions
The comparative case analysis between Singapore and Hong Kong indicates that deeper institutionalization is associated with stronger impacts on water security. Deeper institutionalization influences several stages in the planning cycle. First, it broadens the range of strategic options available. In Singapore, the integration of water and wastewater services in a single agency facilitates the adoption of water reuse at the scale of the entire city. Second, deeper institutionalization appears to support quicker and smoother implementation, suggested by the faster pace of infrastructure procurement in Singapore. Third, institutionalization makes it easier for higher levels of government and for the public to monitor performance, which may provide stronger incentives for implementing agencies to achieve policy targets.
The empirical evidence gathered as part of the process tracing exercise indicates the presence of stages within a generic IWRM planning cycle as the overall theoretical mechanism behind observed water security outcomes. This analysis can be taken further to test IWRM as the operating causal mechanism by ruling out other alternative hypothesis that could influence water security in both cities.
In this analysis, we have considered IUWM to be a process and have attempted to draw a distinction between the process and the policy goals that it is intended to achieve. The process tracing approach can help to draw this distinction. As a process, IUWM cannot itself guide policy-makers in weighting objectives or in addressing the possible trade-offs between them. The adoption of integrated management strategies at the city-level is feasible and compatible with the goal of water security. However, the link between IUWM and water security is not automatic as the Hong Kong case shows, and IUWM may be adopted primarily as a strategy to achieve other goals. As each city will apply different weights to water policy objectives, more empirical evidence is needed on the adoption of IUWM across countries and regions to improve our understanding of the objectives to which it contributes most effectively. Furthermore, the conceptualization and operationalization of water security as an outcome variable can differ from city to city as per the choice of indicators that are found to be most relevant to the city context.
While the comparison presented here suggests that deeper institutionalization of IUWM, clear objectives, and a strong monitoring and evaluation framework, alongside a clear allocation of authority may lead to more rapid and significant improvements in performance, further cases would need to be considered before drawing clear conclusions for policy design. Setting clear objectives and identifying indicators to monitor progress towards them may itself be a difficult and contested matter, and may lead to delays in the adoption or adaption of IUWM strategies, as appears to be the case in Hong Kong at the time of writing. Institutionalization further could be operationalized differently in different contexts. In both Singapore and Hong Kong, for example, citizen engagement and consultation did not feature strongly as an influencing factor, which may not be the case in other cities.
In terms of generalizability of the application of process tracing for studying integrated approaches to water management at other scales, the challenges of setting system boundaries in space and time and the presence of confounding factors, mentioned in Section 5.2, need to be considered. Addressing these challenges can form avenues for further work to improve our understanding of IWRM and its impacts at local, river basin, or national scales.
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